Objective: To examine the associations between excess weight and health-care utilization in general Canadian population. Design: A national survey with a multistage stratified sampling design. Subjects: A total of 113 603 adults 20 years of age or more in 2003. Measurements: Self-reported overnight stay as an in-patient during the past 12 months, length of stay, height and weight.
Introduction
There has been a dramatic increase in the prevalence of obesity during the past several decades and there is no sign of slowing down in Canada [1] [2] [3] [4] and the US. [5] [6] [7] There is an increasing body of evidence for obesity epidemic from many other countries and regions as well, including Europe, 8 Latin America, 9 Australia 10 and Asian countries. monary obstructive disease, 22 gallbladder stone, 23 arthritis. 24 Health-care expenditures associated with obesity are substantial and increasing. [25] [26] [27] [28] Expenditures related to higher body mass index (BMI) rose dramatically with age. 26, 27 Canada has a universal health-care system characterized as equality of access, universality and public provision. A major challenge is how to meet increasing health-care expenditures in the presence of overwhelming fiscal pressures. Obesity as a newer risk factor of poor health has already consumed a considerable proportion of health-care dollars in Canada. 29 In previous Canadian studies, however, obesity research paid more attention to the area of basic science and less on community and primary care studies. 30 More work needs to be performed in exploration of obesity-related clinical issues and health-care delivery. 30 Hospital admissions may not be correlated with disease prevalence. 31 However, it is important to understand the burden caused by obesity on our health-care system. In this study, we focused on excess body weight associated with being an in-patient and length of stay among the Canadian adult population. Using a multistage stratified sampling design, the survey collected information from a total of 134 072 persons 12 years of age or more, which represents 80.7% of the population selected. The questionnaire was administered using computer-assistant interviewing. Sampling unites selected from a telephone list frame were interviewed from centralized centres, and those selected from an area frame were mainly interviewed by decentralized field interviewers. In all selected dwellings, a knowledgeable household member was asked to supply basic demographic information on all residents of the dwelling. One member of the household was then selected for a more in-depth interview. The survey included questions related to health status, health-care utilization and health determinants.
Materials and methods
In this analysis, we excluded individuals under age of 20 years as well as pregnant women, from whom information on body weight and height were not collected. Data from 113 603 subjects 20 years of age or more (51 799 men and 61 804 women) were used in this analysis. An in-patient was defined as a person who answered 'yes' to the question: 'In the past 12 months, have you been a patient overnight in a hospital, nursing home or convalescent home?' The length of stay at hospital/nursing home/convalescent home was determined by the question 'for how many nights in the past 12 months?' The in-patients were grouped into four categories with a similar number of cases in each group: 1 night, 2-3 nights, 4-7 nights and 47 nights.
Body weight and height were based on self-reporting. Based on total household income adjusted for number of household members, subjects were classified into low (o$30 000 with one or two people; o$40 000 with three or four people; o$60 000 with five or more people), middle ($30 000-$59 999 with one or two people, $40 000-$79 999 with three or four people, $60 000-$79 000 with five or more people) or high-income groups ($60 000 þ with one or two people, $80 000 with five or more people). Subjects were grouped into three education categories: low education (not proceeding beyond secondary school), middle education (secondary school completed with or without some postsecondary education) and high education (post-secondary school certificate or diploma). Current smokers were respondents who had smoked at least 100 cigarettes during their lifetime and reported smoking cigarettes every day or almost every day at the time of the survey. Former smokers were those who reported smoking cigarettes daily in the past but were not smoking at the time of the survey. Otherwise, subjects were classified as non-smokers. A regular alcohol drinker was defined as a person who drunk alcoholic beverages at least once a month during the past 12 months. Based on the total daily EE values (kcal/kg/day), the subjects were grouped into three categories: active (43), moderate active (1.5-2.9) and inactive (o1.5). EE was calculated based on the frequency and duration of leisure time physical activity and its value of metabolic energy cost, expressed as a multiple of the resting metabolic rate (MET). The EE values in this analysis were calculated as:
where N i denotes the number of times that respondents engaged in an activity during a 12-month period, D i donates the average duration in hour of the activity and METs are the energy cost of the activity expressed as kilocalories expended per kilogram of body weight per hour of activity. Other variables included in the analysis were age, marital status (married or common law partner, single, separated or divorced or widowed), immigrant status (yes or no), race (White and non-White), allergy history, household size (o3 people, 3 þ people) and number of bedrooms (o3, 3 þ ).
The cumulative incidence of being an in-patient during the past 12 months and length of stay were calculated according to BMI in men and women separately, and were weighted to the general Canadian population. Binary logistic regression model was used to examine the association between BMI and being an in-patient before and after adjustment for covariates. We first used ordinal logistic model to determine the association between BMI and length of stay and found the slope coefficients are not the same across the response categories. Therefore, we used multinomial logistic model instead to calculate separate odds ratio for BMI in relation to being an in-patient at each level of length of stay. All the selected covariates were included in the models, and therefore, all the models have the same set of covariates. Some of them might be important confounders in only men or women and others were found to be important in previous studies. As our study population is very large, including a few more variables in a model has little impact on the precision of estimation. Model parameters were estimated by using the method of maximum likelihood and were tested for significance by using the Wald statistic. All the variance estimates accounted for the multiple stage and stratified survey design. The effect of the complex survey design on variance estimates is summarized as a design effect and the design effect is the ratio of an estimated variance based on the survey to a comparable estimate of variance from a simple random sample of the BMI and being an in-patient Y Chen et al population. Standard errors were inflated by this average design effect. First, population weights were divided by the average weight for all subjects included in the analysis. The sum of these relative weights is the effective sample size. Next, we divided the relative weights by the square root of an the average design effect. 32 The population attributable fraction (PAF) for obesity was calculated to estimate the proportion of incidence of hospital admission that could theoretically be prevented by eliminating obesity. 33 We compared obesity category to normal weight category and a category-specific attribution fraction was calculated, which is the fraction of hospitalization risk in the population that would be eliminated if persons in the obesity category were to be shifted to the normal weight group. The obesity-specific attributable fraction was estimates: PAF obesity ¼ pc obesity ([(RR obesity À1)/ RR obesity ], where pc obesity is the estimated proportion of the cases in obesity category and RR obesity is the relative risk, estimated by the odds ratio using logistic regression model, for obesity category versus normal weight category. All the statistical analyses were conducted using SAS 8.2.
Results
The 12-month cumulative incidence of being an in-patient overnight was 8.8%, and was higher in women (10.4%) than in men (6.6%) with the length of stay in median of 3 days for the patients. Approximately 18% of men and women were obese. The distribution of some selected characteristics was presented in Table 1 . Table 2 shows that obese and underweight adults tended to have an increased incidence of being an in-patient. A logistic regression model was used to assess BMI associated with the cumulative incidence of being an in-patient. The crude odds ratios were significant for both the underweight and obesity groups compared with the normal weight group in men and women. The associations became less strong when covariates were taken into consideration. Obese men and women had a significantly increased incidence of being an in-patient compared with their counterparts with normal weight. The adjusted odds ratios were similar, 1.24 (95% confidence interval: 1.10, 1.40) for men and 1.25 (1.14, 1.37) for women. Underweight men and women had an excess incidence of approximately 30% being an in-patient compared with the normal weight groups, but the odds ratio estimate was only significant for women (Table 2) . We estimated the PAF for obesity of 4.3% for men and of 4.6% for women. Figure 1 shows the cumulative incidence of being an inpatient associated with BMI in different categories of length of stay at hospital/nursing home/convalescent home during the past 12 months. For men, an increased incidence of being an in-patient associated with obesity was observed in all categories of length of stay except for the shortest one '1 night'. The data were not presented for the 'underweight' groups because the sample size was too small. For women, excess weight groups tended to have a higher incidence of being an in-patient than the normal weight group in all categories of length of stay at hospital, and so were underweight women except for the '2 or 3 nights' category. The proportions were weighted the general Canadian population.
BMI and being an in-patient Y Chen et al
Unadjusted and adjusted odds ratios and 95% confidence intervals for admissions with different length of overnight stay in relation to BMI were presented in Table 3 . Obesity was significantly related to being an in-patient with a stay of '2 or 3 nights', '4-7 nights' or '47 nights' but not with length of stay of '1 night' for men; for women, the association was significant or marginally significant in all length of stay categories. Underweight was only significantly associated with the longest length of stay (47 nights) in both sexes.
Discussion
There has been only limited information on obesity associated with health-care utilizations. In a study conducted in the United Status, 509 new adult patients were randomly assigned to primary care physicians, and their use of medical services and related charges were monitored for 1 year. 34 Obese patients were found to be more likely to use primary care and diagnostic services than non-obese patients. 34 In a US population-based study of more than 17 000 people, excess weight was associated with elevated annual rates of in-patient days, number and costs of outpatient visits, costs of outpatient pharmacy and laboratory services and total costs. 35 Obesity was associated with a 36% increase in in-patient and outpatient spending and a 77% increase in medications, compared with 21 and 28% increases for current smoking, respectively. 36 In a retrospective study of 539 obese and 1225 non-obese persons, obese patients had more hospitalizations, prescription drugs, professional claims and outpatient visits. 37 In an earlier analysis of the 1994 National Population Health Survey (NPHS) data, obese people were found to be more likely to consult with physicians, to use more prescribed drugs and to require excess disability days. 38 Using the same NPHS data set, Chen et al. 39 found no significant association between obesity and overall hospital admissions. The reason is the sample size of 1994 NPHS is too small to detect the size of effect. In this study, the incidence of being an in-patient was more frequent with a 24% increase for obese men and 25% for obese women as compared with those with normal weight. Assuming the association between obesity and being an in-patient is 'causal', the PAF estimate is slightly more than 4%, which is the reduction of admissions we would expect if obesity was eliminated among the population. Our results coincide with the health-care cost estimates that the direct costs of obesity were about two and half percent of total health-care expenditures for all diseases in Canada. 40, 41 Obesity was not significantly associated with admissions with a length of stay of '1 night' in men, suggesting obesity has less impact on acute but not severe conditions.
Women were more likely to be an in-patient during the past 12 months compared with men. As pregnant women were excluded from this analysis, those admissions were likely all health related. The adjusted odds ratio for being an in-patient associated with obesity was similar for men and women. As the prevalence of obesity was almost the same BMI and being an in-patient Y Chen et al (18%) in men and women, there was little difference in the overall contribution of obesity to being an in-patient. Overall, overweight was associated with no increased incidence of being an in-patient in men and with a moderate increase in incidence in women. Significant associations were observed for admissions with intermediate length of stay. The effect of excess body weight on health-care utilization is likely nonlinear. A previous US study has documented that obesity imposes an increasing burden on the health-care system, which grows disproportionately large for the most obese segment. 42 Underweight was also related to being an in-patient especially in women. However, the prevalence of underweight was very low. If underweight was a 'cause' of being an in-patient, the PAF estimate would be only 0.3% in men and 0.9% in women. The relationship between underweight and being an in-patient is a two-way street, and patients with severe condition tend to lose body weight. We found that underweight was only significantly related to being an inpatient with the longest length of stay (47 nights), and these admissions were more likely due to chronic and severe conditions. Therefore, the contribution of underweight to being an in-patient is trivial at the population level.
Obesity is associated with a number of diseases, which may lead to hospitalization, although reasons for being an inpatient were not recorded in this survey. Obesity itself is a complex disorder of endocrinological, genetic and environmental aetiology. Excess adipose tissue increases the work of the heart, alters pulmonary, endocrine and immunological functions, 43 and may result directly in obstructive sleep apnea and osteoarthritis as well as psychosocial dysfunction. 44 Enlarged fat cells increase secretion of inflammatory and coagulation molecules, and may cause increased risks of diabetes, gallbladder disease, high blood pressure, hyperlipidemia, liver disease, coronary artery disease, cerebrovascular disease, certain types of cancers. 44, 45 A major limitation for this study is that all the information was self-reported by the participants including body weight, height and hospital admissions. Our own data of selfreported and measured body weight and height have indicated that women tend to under-report their weight and men tend to over-report their height but the reporting bias is not substantial (unpublished data). Hospital admission is a big event, and recall bias is believed to be minimal for a 1-year time period. Another limitation is that there was lack of information on reasons for hospital admissions.
The burden of obesity on health is substantial. Obesity increases overall mortality in Canada. 46 In this analysis, we concluded that obesity is associated with an increased risk of hospitalization among Canadian adults and burdens the universal health-care system in this country. Further attention towards appropriate weight management in health care is urgently needed. BMI and being an in-patient Y Chen et al
